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Introduction

. On May 3, 1967, a meeting was held at Bell Telephone
o Laboratories, Holmdel, New Jersey, at which BTL reviewed the

results of their investigation of methods of obtaining one or
mere U-wire circuits in the user terminals of the Operational
Intercommunication System OIS(A) used at Kennedy Space Center
(KSC). Represenatives of KSC, NASA Headquarters, MSC, GSFC, MSFC,
Bellcomm, and BTL were present at the meeting. Representatives
of two support contractors for KSC; namely, General Electric and

‘ RCA, also participated. The iist of names of the conferees is

A given in Attachment D. ) i

In addition to the discussion of the lY-wire circuits,
BTL also reviewed their measurements of the several versions of
the headset transmitters, headset receivers and the amplifiers -
used in the 0IS. The third general topic reviewed briefly was
the use of Voice Operated (VO0X) Switches and their potential H
problems.

After the formal presentation, the visitors witnessed
laboratory demonstrations of (1) a 4-wire modification of the
O0IS—~-A 2-wire system, including a comparison of its performance
with different cable and user loading and (2) the performance of
non-noise cancelling headset transmitters and noise-cancelling
transmitters (like those used with the 0IS) in a simulated noisy
environment.

Mr. T. H. Thompson opened the meeting with remarks on
the developments that led to the work at BTL. In summary; at a
meeting held at NASA Headquarters on April 3, 1967, Bellcomm was
asked by the Apollo Program Director to determine a means of pro-
viding 4-wire communications for a small number of critical OIS
conference loops. He also requested that the number of such
critical loops and the appearances on each loop be identified by
the missions operations personnel at KSC and MSC. It was intended
that these critical circuits should be made U-wire rather than
the present 2-wire beq@use of the Apollo and Geminil experien (ﬂ®1mm?
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Figure 1 indicates the critical circuits that were
identified by KSC/MSC as of Lpril 1¢, 1967, and were thus candi-
diates for the L-wire modification. Mr. J. J. Hibbert added
that Mr. R. Harrington of I5C nad reported that the results of
a meeting on May 2, 1967, between KSC and MSC personnel had
deleted the requirement for the Launch Vehicle Test Conductcr
Loop (Black I) to go to the Mission Control Center at Houston.
Instead a new critical OIS Lioop (Yellow X) with only a few
users would be implementea c¢o iink the launch vehilcle systems
people at MCC-H with their counterparts in CIF and the Launch
Complexes. The requirement for KSC personnel at the Central
Instrumentation Facility to talk on the Black I loop has not been
resolved, but if this requirement should be deleted, it would
not be necessary to convert the Black I loop to the h-wire con-
figuration.

Using the numbers given in Figure 1, about 1500 OIS
user terminals would require one U-wire circuit; and of these
1500, about 100 would need two U-wire circuits. Only special
panels would require more than two lU-wire circuits. For these-
reasons, BTL was asked to determine the means by which existing
0IS terminals could be reliably and economically converted to the
b-wire configuration for (a) one circuit and (b) two circuits of
the 21 OIS circuits that appear at the use terminals. They were
also asked to investigate the use of existing and proposed OIS
amplifiers and headsets in the modification.

A A summary of the reported major findings of the BTL
investigation is given below. Details of these studies and
the vu-graphs used in the presentations are attached. (Attach-
ments A, B, and C)

I Transmitters and Receivers (Mr. Norwood G. Long, BTL)

Mr. Long discussed the measurements that had been made
on the five sample headsets that BTL had received from KSC. The"
efficiency of the transmitters of these headsets, which were of
the noise-cancelling type, was low. Two of the transmitters
were 13 dB lower and two were 6 dB lower in output than a micro-
phone transmitter Mr. Long had obtained from the Roanwell Company.
This unit, of the noise-cancelling variety, was interchangable
with those in the headsets and was available as Roanwell Part
#10850. Mr. Long also noted that there was a wide variation in

the performance of the individual transmitters of the order of 7 dB.

The frequency response of the transmitters was similar
to those used in telephone applications and was compatible with
the published response curves. For a fixed acoustical input, the
electrical output increases monotonically by 15 dB from 100 Hz
to about 5,000 Hz and then decreased. Mr. Long also noted that
utilization of the noise cancelling microphone is not advisable
unless the signal to noise ratio is less than 12 dB or the total
accustic noise level exceegs about 75 dB RAP (Reference Acousti-

cal Power relative to 10-10 watts). m ,
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The frequency response of the receiver in the headsets
did depart markedly from those used in telephone applications.
In particular, four of the five samples indicated a peak of
response at 400 Hz and a negative slope from this peak until
at about 3 kHz; they were about 10 dB below the cutput level at
400 Hz and then increased in response from 3kHz to about 6kHz
before dropping. The frequency response of a telephone receiver
is flat to within + 2 dB from 250 Hz to 3kHz. There is no sig-
nificant contribution to the intelligibility of speech if the
transmission band is made greater than this even though the
quality may be more pleasing with a greater bandwidth.

Three things were stated to be undesirable with the
present headset receiver response: (1) the negative slope in
output between U400 Hz and 3000 Hz which would result in lower
speech intelligibility than could be obtained with a flat res-
ponse receiver, (2) the high frequency response above 3.0 kHz
which would emphasize the noise without adding to the voice
intelligibility, and (3) similarly, at the low end of the fre-
quency range, the high response would not discriminate against
power-line frequencies and their harmonics.

Although the frequency response of these headset
receivers were consonant with the specifications, the military
specifications for the recelvers had been written to cover a number

of receilvers, including those used in high altitude military aircraft.

Thus, it was stated that the negative slope in response between 400Hz
and 3000 Hz would be flattened if these receivers were operated

at 35,000 feet in unpressurized. aircraft. It was noted

by Mr. Long that a flat frequency response in the headset

receivers between 250 and 3000 Hz with a rapid roll-off at

either end would be more appropriate to the OIS.

II 0IS Amplifiers (Mr. Doren Mitchell)

Mr. Mitchell reviewed the frequency response, automatic
gain control (AGC) and linearity of the amplifiers used for
transmission and reception in the OIS terminal boxes. Two ver-
sions of transmitting amplifiers were measured (1) the present
system and (2) the modification that had been proposed in 1966 -
for improving the level and frequency performance of the 0IS.

Mr. Mitchell indicated that the present fransmitting amplifier

© could use an additional 10 dB gain (although this gain could

also be obtained from a more efficient headset transmitter),
and that the AGC in the present transmission amplifier is not
needed. The modified transmitting amplifier has a peak in
frequency response at 8 kHz which is undesirable; a roll-off
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in frequency response starting at 3 kHz would be better. It
was also suggested that the modified amplifier could use some
additional gain. '

The OIS terminal receiving amplifiers have too broad
a frequency response (0.1 - 8 kHz); it would be desirable to
reduce the pass bandwidth to 0.25 - 3.0 kHz. 1In addition,
the AGC in the receiving amplifier now has a slow attack
time (50 millisec); it would be better to reduce it to about 10
millisec.

Mr. Mitchell also has noted that the design of the
present system results in operation near the knee of the AGC
response curve of the receiver amplifier. This means that the
average talker drives the receiving amplifier to the flat por-
tion of the response curve. A better design, in Mr. Mitchell's
opinion, would be to operate on the linear portion of the res-
ponse curve so that only a very strong talker would cause the
receiving amplifier to be operated in the flattened portion of
the curve. This design would reduce the noise and distortion
in the system. No change would be needed in amplifier design;
though the transmitting bus impedance should be reduced tc approx-
imately 100 ohms rather than 600 ohms.

III Addition of 4-Wire Circuits to OIS (Mr. H. J. Michael)

Mr. Michael reviewed a method of adding either one
or more lU-wire circuits to the existing 2-wire OIS(A) system.
This change would eliminate the use of Voice Operated Switches
(VOX) in the conference loops and prevent the occurrence of
(1) "echoes" (2) "lockup" (3) "double talking" which have been
noted in these circuits previously. The method (described in
detail in the attached Appendix) employs relays in the present
OIS terminal units to switch from the 2-wire mode employed for
most of the loops to the U-wire mode for 1 or 2 loops. When
the user turns to the U-wire loop, the switch connection acti-
vates relays which connect the lU-wire circuits to the headset.
The design of the lU-wire system is a so-~called "busbar" design
with a low characteristic impedance of the order of 1 ohm. Dia-
grams of this U-wire modification are shown in Figures 2 and 3.

BTL investigated the cable distribution layout employed
at Complex 34 and 37, and believes that this type of lL-wire system
is applicable to the existing cable plant. Isolation resistors
are suggested in the lU-wire distribution to prevent malfurictions
on one branch from affecting the performance on the other bran-
ches. The two pairs required for the -4-wire circuits are
obtained by using the pair for the present 2-wire loop for the
receiving leg and using the palr from another unused 2-wire loop
for the transmitting leg.
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The equipment added to the terminal box would consist
of two relays and two coils for one Ud-wire circuit or three
relays and three coils for two U-wire circuits. Some diodes’
for reducing relay interference and condensers for DC blocking
would also be required. Mr. Michael showed the samples of the
relays and coils that appeared appropriate for this use.

In the discussion of the relays, Mr. A. Kempson (KSC)
questioned the performance of such relays in a vibration environ-
ment such as that in the Block House when a launch takes place.
Mr. Kempson volunteered to obtain vibration data so that the
relay performance in such environment could be determined.

Iv Discussion of Voice Operated Devices (Mr. D. Mitchell)

Mr. Mitchell warned the audience that Voice Operated
Pevices should only be employed when they provide the only means
of obtaining the desired performance. He then presented a re-
view of some of the features and difficulties of such devices,
which was extracted from a talk to be presented at the IEEE
Meeting in Minneapolis in June.

Unfortunately, there is no easy way to tie a 2-wire
system to a Ul-wire system without the use of voice operated
switches if the number of users of the conference loop changes
with time. If the impedance level and the number of users
could be held constant, a passive hybrid equivalent to the V0OX
device could be employed. Unfortunately, with the number of
conferees on the OIS loops and their variability in appearing
on these voice loops, 1t does not appear feasible to employ
passive hybrids.

Other Considerations

In answer to a question by Mr. W. Parsons as to
methods of improving the performance of the 0IS circuits that
would remain 2-wire, it was pointed out that BTL had not been
asked to address that question in detail and could ocnly answer
the question in part. Specifically, the suggested improvement
in headset transmitters and headset receivers could be benefi-
cial to both 4-wire and 2-wire systems. Thus it was the con-
viction of the BTL speakers that a more efficient transmitter
and a receiver' of somewhat higher efficiency and flattened fre-
quency -response would make a significant improvement in the
performance of the present 0IS.
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Summary

A feasible method for obtaining one or two U-wire
circuits for the primarily 2-wire OIS system at KSC has been
devised by BTL. The unresolved questions are: (1) whether
the existing AIA amplifier could be used as the low impedance
b-wire amplifier, and (2) whether the relay used in the l-wire
modification will continue to work in the vibration environment
that the Block House experiences during launch. BTL plans to
determine the answers to these two questions.

: The question of improving the 0IS 2-wire circuits
which go off Complex in both the transmitting and receiving
modes was not asked of BTL in its initial work assignment, and
would require additional effort by them if a complete answer
were desired.
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ATTACHMENY A
Evaluation of KSC Headsets.

May 15, 1967

Five samples of the headsets in use at KSC have been tested.
The results of these tests are summarized below. Most of
this material was presented to KSC and associated personnel
on May 3, 1967.

l. Receivers: Fig. 1 shows the frequency response of

selected receivers. They show two serious deficiencies:

a dip between 500 Hz and 3 kHz, and large peaks at 5 to

6 kHz. The dip causes a loss in intelligibility; the peaks
add very little to intelligibility and over-emphasize '
sibilants and plosives, causing listener fatigue. Limited
listening tests have indicated that of the two effects,

the high frequency peaks are more disturbing.

In general, between 90 to 95% of the sentence intelligibility
is contalned below 3 kHz. If a wider bandwidth is used to
gain naturalness and slight extra articulation it must be
coupled with a smooth, wide dynamic range transmission system.
In the expected use, the wider undulating bandwidth of present
receivers emphasizes noise and distortion without improving
level or intelligibility. The performance would be improved
if new transducers were employed with a flat bandwidth from
(about) 200 ¢/s to 3200 c¢/s. As shown in Fig. 2, transducers
with this response are well within present design capability.
There 1s some evidence that the jagged frequency response '
of present units may be a consequence of the ability to work
at low pressures, up to 35,000 feet of altitude.

The efficiency of the present receivers is much lower than
can be obtained. A unit of about the same size and weight as.
present receivers with the desired frequency characteristics
is avallable 'commercially with an improvement in efficiency
over KSC receivers of between 10 and 15 dB (see Model, below).
As discussed below, gain in the transducers has the advantage
over increased amplifier gain of stability and low noise.
Increased transducer gain (microphone and receiver) could

be used to lower bus impedance on two wire conferences below
the present 600 ohms, to improve bandwidth (intelligibility)
and signal level with large conferences.

2. Microphones: Frequency measurements on the dynamic noise
cancellation microphones are shown in Fig. 3. They all show
a rising characteristic from (roughly) 200 Hz to 5 kHz. This
i1s usual in such microphones for much the same reason as

pre-emphasis is employed 1n the record industry; to gain



signal-to-noise advantage at those frequencies most likely

to suffer loss in the transmission system. As shown in

Fig. 4, carbon microphones in use in the Bell System exhibit

a similar characteristic. Any new microphone employed should
have a rising characteristic, although if receivers restricted
to 3 kHz are employed pre-emphasis in the microphone beyond
this point will have 1little significance.

The microphones tested were deficient in two ways: in
output level and in variation from unit to unit. A spread
of 10 dB was observed among the 4 noise cancellation
samples, and all were several (10-30) dB below other dynamic
units available. Some of this is due to noise cancellation,
as discussed below.

Because of the large number of users, amplifier noise can be
significant with very low level microphones. The signal to
noise ratio can be improved if more efficient units are
employed. As shown in Fig. 5, a physically interchangeable
microphone is available with 10 - 15 dB more gain than the
lowest level KSC unit tested.

The value of noise cancellation in a new microphone must be
weighed against the irherent penalties of lower output and
increased penalty with misuse. In limited tests one of

the KSC noise cancellation microphones showed a 6 dB greater
spread in output with position than a noncancellation
microphone. Since the cancellation is achieved by providing
a sound path to the diaphragm through both the front and

the back of the microphone, there is some possibility of
plck-up of very near interferring talks from the back of

the unit. For talkers and nolse sources at some distance
from the unit cancellations on the order of 10 - 15 dB

are possible below (about) 1.5 kHz. Above 1.5 kHz almost

no cancellation occurs.

Attempts to measure the subjective benefit of cancellation
in a high noise field have not been fully satisfactory. It
appears, however, that for noise and background fields below
75 - 85 dB, which are levels comparable to those in a small
factory, noise cancellation is not necessary. The value

of noise cancellation 1s partly determined by number of
simultaneous users; if the number of simultaneously active
mfcrophones can be kept to less than 50 or so, the signal-to-
noise ratio at the ear of the listener would probably be
excellent without cancellation. If, however, high noise
levels and large number of simultaneously active users are
present, cancellation may be useful. The unit shown in
Figure 5 is a nolse cancellation unit, as discussed below.
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3. Model: Discussions with one manufacturer, the Roanwell
Corporation, have disclosed that microphone-receiver units
are avallable with improved efficiency and frequency response.
Receiver unit is a new design coded RE300. Microphone is
coded 108500. Receiver impedance is 20 ohms, and transmitter
impedance is 5 ohms, as in the KSC units. Plug, switch
format, and physical dimensions are identical with KSC units.
A omparison between the headsets is given below:

Recelver Microphone
KSC Model KSC Model
Frequency 200-6 kHz 200-3.2 kHz 300-5 kHz Same
Response Undulating Flat Rising
Increased Gain +10 - +15 dB +6 - + 15
Noise - _
Cancellation ' 10-15 dB 8-10 4B

A1l of the above characteristics are approximate, since they
are based on measurements with limited samples or verbal
descriptions. Three of the headsets have been promised for

aboutg May 24, 1967. These units will then be compared with
the present samples to determine final characteristics. A~
study is in progress to determine the effect of improved
headsets on transmission quality. '

NGL:cr
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ATTACHMENT B May 15, 1967

Amplifier Characteristics and
Discussion with NASA Representatives

This memorandum summarizes measurements made on the amplifiers
and voice switching arrangements in the Cape Kennedy conference
system, and discussion of these topics with NASA representatives
on May 3, 1967. '

In the discussion, Mr. Mitchell first briefly outlined operation
of the voice switching arrangements known as VOX in the present
system, This is shown in Figure 1. It was pointed out that
this type of voice switching is subject to four basic diffi-
culties which can occur under circumstances of improper usage

or high noise. '

The first is clipping of weaker portions of speech if someone
talks too weakly. The second is false operation of the control
P by echo if any echo exists in the line as indicated. This
results in severe mutilation of speech, making it essentially
unintelligible. The third difficulty can occur due to noise,
for instance, from subset X, which can effectively lock up
VOX 2, thus preventing any one on the control building setup
from getting out. A fourth difficulty occurs if someone on
the launch complex talks at the same time as someone at the
control tower. In this case only one can get through at a
time, and it is actually possible for speech to occur for
several seconds without either one realizing that two people
are talking. Those present agreed that these were serious
difficulties and that the VOX should be eliminated.

A summary of the status of the present amplifiers was then
given as shown in Figure 1A. The point was made that the
amplifiers leave something to be desired in several respects,
but they are generally usable, particularly if microphones
with about 10 dB more efficiency could be obtained. Detailed
measurements were then presented which will be described
later.

In the afternocon, Mr. Mitchell spoke briefly about some of
the problems in setting up reasonably satisfactory 2-wire
conference systems. This material is part of a paper to be
presented to the IEEE Convention this coming June.*

*General Transmission Considerations in Telephone Conference
Systems - Proposed IEEE Paper, by D. Mitchell. _



Figure 6 was Tirst discussed briefly which indicates that the
combination of muitiple echo and multiple sources of noise
producc a scrious problem in toll conference calls, It was
pointed out that this had led to the use of voice switching
because in the present telephone network there is no way to
control the echo and noise in any other way.

Figure 7 was then discussed which shows the type of voice
switching we use. It was emphasized that we have added
several Teatures guite different from the earlier type of
voice switching the the VOX to minimize the undesirablie
effects of voice switching. These include switching minimum
loss (about 15 dB), differential breakin using the SG (switch-
guard), and a noise guard device N,

It was emphasized also that although there are considerable
variations in the telephone network we know their values
reasonably well and can take account of them,

Figure 8 was then shown to bring out the differences between
the NASA conference problem and our toll telephone problem.
The main difficulty in the NASA problem is that neither losses
or return losses are known very accurately, and probably have
large variations. It was stated that it is probably possible
to operate moderate sized systems 2-wire in a reasonably
satisfactory manner if it is not necessary to connect these
systems to points outside the immediate vicinily of Cape
Kennedy.

It was emphasized, however, that no firm statcment could be
made as to Jjust how well a 2-wire system would operate either
with or without some new features such as improved voice '
switching, unless consgiderably better information about
transmission paramsters was available,

Detailed lMeasurements

Figure 2 shows the frequency response of a microphone amplifier.
This includes a typical present-type amplifier and also the
proposed GE amplifier.* These measurements were made by
producing known constant voltage effectively in series from

a 5 ohm source for the input and measuring the outpul produced
in 600 ohus,

xAt least three amplifiers of each type were tes




Note that our measurcments indicated a slightly different
frequency characteristic than that stated in NASA-KF-652.
The actual measured characteristic of the present amplifier
seems qulte favorable for this use, and the roll-off at 300
cycles and 3000 cycles is desirable,

The GE amplifier was actually designed to have a frequency
rise to compensate for cabling capacitance loss at the higher
frequencies. However, a characteristic more like the one
measured in the present amplifier is believed to be better

if the amplifier is operated into a 60 ohm bus.

Figure 3 shows the input-output characteristics of the two
amplifiers. In this case the measurement on the present
amplifier was made with the output connected into 600 ohms,
but the measurement on the GE amplifier was made with the
output connected into 60 ohms. Our measurements indicated
considerably less expansion at low inputs than is stated in
NASA-OL-KF-652, There is no apparent reason for this dif-
ference, but possibly the NASA measurements were made on a
different version of the microphone amplifier.

The relatively slight amount of expansion in the microphone
amplifier is apparently inherent in the circuit elements and
there is no syllabic type expansion as we use in some of
-our voice switching devices. This was checked by sending
pulses of tone into the amplifier and taking oscillograms

of' the output.

Measurements of the amount of harmonics produced by the present

microphone amplifier are summarized in the following table.

Microphone Amplifier - Average of 3 Units

Measured 2nd and 3rd Harmonic Output
In dB Below the Fundamental

Input (1000 Hz) ~ 2nd 3rd

1 X 10*‘3 volts 31 dB 37 4B
2l

1 %10 volts 47 4B 29 dB

1 x 1072 volts 43 aB 35 4B

o




Y

The 1imiting-in the microphone amplifier measured occurs at
approximately the same point as shown in NASA-64-KI'-652., 1t
was found, however, that the limiting action for high inputs

such as 1072 volts required about 80 ms.* There is very
little gain decrease for the first 50 ms, and most occurs
during the next 30 ms. It was also noted that for inputs

greater than 5 X lOJ1l volts the output signal would be dis-
torted during the first 40 to 50 ms. This distortion is due
to overload in the amplifier and occurs before the AGC circuit
can operate.

The recovery time is about 300 to 500 ms after a strong signal
is removed. These time constants are reasonably satisfactory,
but not ‘ideal. It would be better if the attack time would

be about 10 ms, but the recovery time is satisfactory.

The gain of the GE amplifier is about as expected. It is
an ordinary amplifier and the upper end of the curve indicates
ordinary overloading.

Figure 4 shows the frequency response of the headsct amplifier.
Here our measured results are very close to NASA-6L-KF-653,

On the other hand it would be very desirable for this amplifier
to roll off below 300 cycles and above 33000 cycles. Energy
below 300 cycles may contain undesirable 60 cycle harmonics

and does not add to intelligibility’. Energy above 3000 cycles
also adds very little to Jntelllg1b11lty and may contain high
frequency noise.

Figure 5 shows input-outpul characteristics of the headset
amplifier. Here also our measurements indicate considerably
less expansion than those shown on NASA-6L4-KF-653, and are
very similar to the measurements for the microphone amplifier.
On the other hand, the limiting point or knee of the curve
checks rather closely. These measurements were made by pro-
ducing a known input voltage and measuring the output in dBm
into 10 ohms.

It was found that the limiting action for high inputs such

as .1 X 10—1 volts'required approximately 100 ms. During the
first 80_ms,‘v¢ry 1ittle gsin reduction was obgerved. Also

*Test results indicate that limiting action of the mlcropnone
amplLfier occurs very seldom in the present system.
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it was noted that for inputs greater than 1 X 10~1 volts, the
output signal at the hecadset amplifier would be distorted
during the first 50 to 80 ms. As in the case of the microphone
amplificer this distortion 1s due to overleoad in the amplifier
and occurs before the AGC circuit can operate. The recovery
time after a strong signal is removed is approximately 100 to
300 ms.

We also checked the headset amplifier and determined that it
did not have any syllabic expansion. Thus the expansion shown
in Figure 5 is apparently inherent in the circuit design.

Harmonics were also measured in this amplifier as summarized
on the following table. '

Headset Amplifier - Average of 3 Units

Measured 2nd and 3rd Harmonic Output
In dB Below the Fundamental

Input (1000 Hz)- 2nd 3rd
2 x 107F volts 31 aB 35 dB
5 x 107° volts 36 dB 36 aB
1 x 107 volts 39 4B o7 9B

Ag dindicated in Figurc 5, it is believed that speech volume

in the precsent system ranges from about 2 X 1O~2 to 1 X 10—1

volts. The latter is dbout 10 dB into the limiting region.
As discussced in another memorandum*, the performance would be
better if the operating point were set about 5 dB below the
knee,

AT
DM~

R MK

A’_//;scl
Alt.
Figures 1-8

CX¥MEPE, "Optimum Operating Point of Receiving Amplifier Volume
Limiter for Cape Kennedy Conference System'", dated May 9,
1067, by D. Mitchell.
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May 11, 1907

ATTACHMENT C

A PLAN FOR MODIFICATION OF CERTAYIN CONFERENCING ARRANGEMENTS
AT KENNEDY SPACE CENTER

CENERAL

A plan has been prepared for the requested modification of

the critical conference circuits at Kennedy Space Center (KSC).
The plan is based on the use of a low impedance busbar
arrangement for conferencing the many stations which have

need to be tied together in the critical conferences. This
technique has been used successiully for similar purposcs

in such applications as the Joint Chiefs of Staff Alerting
Network, the 304 Switching Systems used at Goddard, Huntsville
and Kennedy, and also at the launch complex at Point Arguello.

The objectives to be met with a modification plan included
the follcwing:

1. Eliminate the Voice Operated Switch (VOX).

2., Convert to U-wire operation.

3. Station operation with both 2- and U-wire confercﬁces.
L, ©No change in attendant operation.
5

. Automatic changeover from 2- to U-wire coperation at
the station. '

6. .Reuse present cabling wherever possible.
7. Minimum change in station boxes.

PRESENT CABLING LAYOUT

Perhaps the best place to start in the description of the plan
is by presenting a general picture of the present cabling lay-
out. This is illustrated in Figure 1 which gives an outline
of the arrangements in Launch Complex 34 (1.c34). The confer-
ence circuits enter the Blockhouse from the 4-wire bridge on a
L-wire basis. At this point, each terminates in send and
receive (AlA) amplifiers and a voice operated switch (VOX)
which is used to convert the circuit fo 2-wuire operation.
There are 12 of these circuits which enter the Blockhouse,

The 2-wire circuits are then extended ihrough the auvdio switch
panel. In this unit there are keys which are used to isolate

j—




the individual conference circults as they branch out within
the complex. At these switches some of the modifications can
be made which are necessary in the circuits to be converted to
L-wire operation. Yrom the audio switch panel, the conference
circuits are then carried through patch and distribution (P/D)
units as indicated. Tracing one of the 42 conference circuits,
this appears in the P/D unit in pin jacks which permit patching,
as required, to various station branches as indicated. Each
of these station branches consists of from one to about ten
2-wire stations bridged directly across the 2-wire line. Each
station consists of a receiver-amplifier working into a re-
ceiver, 'and a microphone working through a transmitting

camplifier connected to the 2-wire line as indicated. There

is also a monitoring amplifier included in the station unit
but, for simplicity, this has been omitted from the figure.
Other station branches are connected from this and other P/D
units around the complex.

The arrar zements at the Automatic Ground Control Station (AGCS)

are shown on Figure 1 because the audio switch panel, which
is located in the AGCS building, will also provide a convenient

~location for mounting rcsistors required in connection with the

conversion of the eritical conference circuits to L-wire
operation. The rest of the branching-out procedure from the
AGCS is the same as described previously for the Blockliouse.

CONFFERENCING PLAN

A gencral plan and manner of cabling for the critical conference
circuits is illustrated on Figure 2. There arc several [eatures
in the plan:

(1) The VOX has been eliminated,

(2) The circuit is carried U-wire from the lU-wire bridge
into the Blockhouse and the AGCS and thence directly
to all of the sbtations on the conference on a U-wire
basis.

It is not yet known whether the present AlA amplifliers have
adequate power to operate with the low impedances required for
use with the conference busbar. The bus amplifler B is arranged
to operate with both 1 ohm input and output impedances. This
amplifier provides the talk-back path from any station to all
the other stations connec¢ted to the busbar. It also furnishes
the sidetone path for every talking station. The receiving
amplifier of every station is connected through isolating
resistors to the receiving busbar, Similarly the transmitting
amplifier of every station is connccted through isolating
resistors to the transmitting busbar. Conversations are
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fransmitted outside the complex via amplifier Al. Conversa-
tions incoming from outside the complex are transmitted via
amplifier Cl. The return loss via amplifier B should be
greater than 60 db.

The present 2-wire circult can be used as the receive leg
of a new U-wire conference plan. It will be necessary to
pre-empot one of the other 42 conference circuits for use as
the transmit leg. In the plan illustrated, the conference
circuit is fanned out from the busbar using distributing
resistors for isolation purposes. As mentioned previously,
there is a convenient place in the audio switch panel to
mount these resistors. Additional isolating resistors can
be mounted, as indicated, in- the patch cords in the P/D unit.
This makes it possible to isolate each of the individual
tation branches. The resistors could also be mounted in
series with either the input or output jacks if so desired.
In thisplan, there is no other change required in the
cabling o” the individual stations which are part of each
station branch. Of course it will be necessary to disconnect,
in the most convcnlent way, those statlons which have been
"scrubbed" from the critical conferences.

It appears desirable to establish a second busbar in the AGC
building where the first set of isolating resistors can be
mounted. I this is done, the remainder of the cabling
procedure is the same as that described for the Blockhouse.

STATION TERMINAY, ADDITTON

The illustrated plan will permit operation with both 2- and
L-wire conferences and with automatic changeover from 2- to
L-wire, as required, with no change in atfenuanb operation.
The tests made on the amplifiers presently used in the
station box indicate that they may continue to be used
without change.

Figure 3 illustrates a way in which the station circuit could
be modified to accommodate both 2- and U4-wire cperation. It
should be understood that the workability of fthe illustrated
plan will depend upon many factors, including shock, vibration,
cable leakage, cable pair balance, earth potential and other
factors which may come to light later, The additions neceded
include 2 retard coils, 2 relays and 2 capacitors Tor the

first U-wire conference circuit. These are connected on the
recelve leg as indicated. As mentioned earlier, the present
2-wire conference leads are used for the receive leg of the
h-wire conference. One of the other 2-wire conference circults
would be employed for the transmit leg of the 4-wire conference.
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Only the U-wire conTerence circuits are equipped with A
relays. Thus when the attendant sclects a lL-wire confercnce,
the simplex circuilt connecting the A and the LW relays is
completed and these two relays operate. The -'s in the leads
connecting the receive and transmit amplifiers is Bell System
language indicating circuit contacts which are normally
closed until the relay operates. The X's in the transmit

leg are contacts indicating that the circuit is open until
the relay operates and causes their closure. Therefore,

when relay 4W operates, the connection is broken between

the receive and transmit amplifiers and the operation of the
A relay establishes the path to the new circult obtained

by disconnection of one of the 2-uire conference circuits.
The capacitors are connected in the circult to block the de
current from flowing tc the other relays connected to the
circuit,

Figure U4 which regroups the added equipment except for the
capacltor, is mainly a redrawing of Figure 3. It illustrates
the amount of equipment required for the first U-wire
conference in this plan. It also illusftrates the number of .
leads involved in the interconnection of the station box
‘'with the new equipment which, in most cases, would probably
have to be mounted externally. In addition to the leads
shown, power and ground leads are also reguired. Where only
one l4-wire conference is terminated in a box a single rclay
could be used, 1f a sultable one is avallable with sufficient
contacts., A separate UW relay is most desirable when more
than onc Yl-wire conference is terminated.

To add additional U-wire circuits to any box, it is nccessary
to provide an extra retard coll, an A relay, and the two
blocking capacitors for each additional l-wire circuit. Also,
Il additional leads are required for interconnection per each
circult. Of course, it is also necessary to pre-empt an
additional 2-wire conference circuit to furnish the transmit
leg for each of the new lU-wire circuits.

DEMONSTRATTON SETUP

To illustrate the above arrangements a demonstration setup has
been assembled in the laboratory. This setup includes the
busbar technique discussed above., One dual station box and

a single station box have been made available to us. These
have been converted to permit both U4- and 2-wire operation
and have been connected to the busbar conference bridge as
indicated on Figure 5. Sets 1 and 2, in the dual box, are
connected in parallel as part of the same station branch.

Set 3 is connzscted on a separate station branch.

i
|
|
1
‘
i
i
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Some information has becen furnished to us regarding the capaci-

tance of the cables on the present 2-wire conference circuits.
Using this we have attempted to distribute this capacitance
Judiciously in the demonstration circuits. Also, arrange-
ments have been made Lo connect dummy loads (DL) to simulate
extremely heavily loaded station branches. It is estimated
that the dummy loads chosen will cause a greater loss in the
circuit than any loss that would be encountered in actual
practice. The demonstration will illustrate the variations
in frequency response and level as the load is changed from
one that is very minimal to the maximum load. We expect that
the change in the ultimate system will be hardly noticeable,
amounting to only a couple of dB.

It has been suggested that the conference quality could be
improved if the receiver units had frequency characteristics
which cut off at about 3000 Hz. Accordingly, we have con-
nected one of the Bell System 52-type headsets to the demon-
stration setup to permit listening with a receiver which has
the frequency response recommended.

The laboratory setup also includes means for demonstrating
the 2-wire conferencing arrangements. As in the case of

the U-wire sebtup, a variety of loadings have been provided.
In all cases, the 2-wire circuit is terminated with 600 ohms
and provision has been made for adding a capacitor equivalent
to reasonably heavy cabling, and additionally, for station
loadings of 50 and 350 conferees.

TRANSMISSTON CONSIDERATIONS

Measurements of the ftransmiliing amplifier and microphones
indicate that the output level of the f{ransmitting amplifier
from an average talker is about -28VU.* On a 2-wire circuilt,
since the transmitting amplifier is connected directly to

the receiving amplifier, the level at the input to the latter
will also be -28VU. In the case of the 4-wire circuit, the
transmission loss through the busbar has been arranged to

be O dB. The level at the receiver will therefore glso be
-28VU in the casc of the U-wire circuit. Thus both the
2-wire and U-wire circuits will be operating at the same point
on the AGC curve of the receiving amplifier. That 1s about

4 6B below the knee of the curve. .

It should be pointed out'at this time that in our normal
treatment of private line service we usually use a speech
input level about 15 dB higher than the -28VU applied to

¥ Measured into 600 ohms.




these circuits. This is done to obbain a good signal-to-
noise relation. If a new microphone were used, it could
very well be possible To achieve this improved speech level.

HO~3324~HJMfoat
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- ATTACHMENT D

NASA CONFERENCING SYSTEM

May 3, 1967
NASA Headquarters Bellcomm
Messrs. C. P. Bosmajian - OTDA +
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